
The Chemistry of lron

Pure lron (Fe) has the following properties:

After aluminum, lron is the second most abundant metal on the

surface of the earth constituting about 4.0 % by mass.

Pure iron is not found at the surface of the earth: lron is found in

compounds, known as lron ores. lron Ore consists of

The different lron Ores have different crystalline structure and colour.

Metallic iron is extracted from lron ore.

The melting point of pure lron is 1,535 oC, and the boiling point is

3,000 oC. To make metallic iron you have to convert the oxides of

iron into metal: you have to remove the oxygen from the ore.



The Metallurgv of lron

The first step in the extraction of iron from iron ore involves crushing

and then heating the ore, a process known as ROASTING.

Roasting the iron ore does one or more of the following:

FezOs . x HzO

FeCOs

FeSz + 4 FeO

The iron ore pyrite is only used as a source of sulfur dioxide; the

impure iron left behind following the roasting of pyrite is not suitable

for smelting iron, because of the remaining sulphur which is a

troublesome impurity. The sulphur dioxide released during the

roasting of pyrite is collected and made into sulphuric acid.



The second step in the production of iron is that the oxides of iron are

reacted with carbon to extract the oxygen and produce metallic iron.

This step is known as the REDUCTION of the iron ore.

The way to reduce the iron is to react the oxide with burning coal, a

source of carbon low in sulphur and other impurities. This process is

known as SMELTERING and occurs in a BLAST FURNACE. Typical

temperatures in degrees Celsius in a blast furnace are as shown.

lron smeltering is a major use of coal throughout the world, and is a

major source of carbon dioxide in the atmosphere.
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The smeltering process involves several steps:

First the coal combusts with oxygen to produce carbon monoxide

2 C + Oz ---------> 2CO

The carbon monoxide then reacts with the iron ore to make metallic

iron

3 CO + FezOs

Ores containing impurities of limestone (CaCOa) and other unwanted

carbonates are mixed with sand or clay, material which contains an

excess of silica (SiOz). The calcium carbonate in the ore

decomposes in calcium oxide

CaCOs

similarly with the other carbonates.

The remaining oxide of the alkaline earth (i.e. Ca) is then removed by

reacting with the silica

CaO + SiO2

to produce what is known as slag, which having a lighter density than

iron, floats atop the molten iron and is skimmed off.
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The molten iron from the blast furnace, having been in contact with

an excess of coal in the lower part of the furnace contains about 4

percent of dissolved carbon (the iron acts as a metallic solvent and

the carbon as a non-metallic solute), together with a number of other

trace elements in smaller amounts:

These impurities tend to lower the melting point of the "Pour" as it is

called from the expected 1,535 oC, that of pure iron, to about 1,200
oC. This "Pour", fresh from the blast furnace, is often cast into bars

known as pigs, the cast iron itself is called PIG IRON.

The pour comes out at the bottom of the furnace. Cast iron is made

in batches. A modern blast furnace can produce up to 7,000 tonnes

of iron a day (about 1,000 cubic metres). To produce this amount of

iron the blast furnace will consume
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When you pour the iron from the furnace you produce CAST IRON.

When cast iron is made by the sudden cooling from the molten state

it is white in colour; as a result it is called WHITE CAST IRON.

White cast iron consists of a mixture of metallic iron and a compound

called cementite Fe3C, a hard brittle substance.

This picture is a slice of white cast iron seen under a microscope

magnified about 200 times. The light crystals are the iron and the

darker crystals are the FesC. The iron-carbon compound is not

nearly as strong as metallic iron and so the white cast iron fractures

easily. lt will break apart where the iron and FeeC crystals meet.
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When cast iron is cooled slowly the carbon separates from the iron

and grows into crystalline grains of iron called ferrite and of carbon.

The flakes of graphite tend to be flat and large. Cast iron that is

cooled slowly is gray in colour and so is called GRAY CAST IRON.

This picture is a slice of gray cast iron seen under a microscope

magnified about 200 times. ln this micrograph the light crystals are

the ferrite iron and the darker crystals are the graphite.

Gray cast iron fractures easily and so is brittle because the tougher

ferrite in it is weakened by the soft flakes of graphite distributed

through the cast iron.
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Using a microscope you can measure the size, density and

distribution of the iron crystals and the flakes of carbon, or carbon-

compound.

When you heat treat gray cast iron the flakes of carbon coalesce

together into globules of carbon, which because of their small cross -
section weaken the ferrite less than do the flakes of graphite.

Heat treatment of cast iron makes it malleable and so it is given the

name MALLEABLE CAST IRON. This picture is a slice of malleable

cast iron seen under a microscope magnified about 200 times. You

can see the large globules of carbon, as well as the smaller crystals

of iron.
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Steel

Cast lron is the cheapest form of iron, but its usefulness is limited by

its brittleness and low strength. Cast iron is converted into steel.

it has been known for almost five centuries how to make steel. The

process used was a secretive and very slow and expensive process

and made steel in small quantities.

The demand for steel was not very great until the invention of the

rifled cannon, locomotive and other machines in the middle of the 19th

century brought an unprecedented and immediate demand for large

quanitities of steel.

Steel is a purified alloy of iron, carbon and other elements. Steel is

manufactured in the liquid state beginning with cast iron. Most steels

are almost free of phosphorous, sulfur and silicon, and have a low

carbon content, $pically between 0.1 - 1.5 %.

Depending on the carbon content you have different types of steel:
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The different types, or "tempers" of steel are used for different

products:

elements such as beams and girders.

surgical instruments, drills and other machine tools.

Both mild steel and medium steel can be forged and welded. There

are two ways to produce steel,

F the second way is quick and leads to Iower quality steel.

The slow way is known as the Open-Hearth process. The faster

method is known as the Bessemer Process.

The slow way was first developed in the Middle East around the time

of Leonardo da Vinci. The finest steel produced during Leonardo da

Vinci's time was made in Damascus and was made in a very

secretive way by Arab sword makers. lt is known as Damask steel.

During the 17th century Portuguese traders brought back from Japan

samurai swords to Europe. The Japanese samurai sword is an

example of small scale, high quality steel production.
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The Open-Hearth Process

The English studied both Damask and Japanese steel production and

developed the Open-Hearth process.

This process gets its name "Open-Hearth" from the fact that the steel

is produced in a large furnace which is open to the air, something like

a large fireplace.

The furnace used in the open-hearth process is called a
reverberatory furnace: it is covered and so the heat from the furnace

is trapped and is reflected off (reverberates) the roof back into the

steel. You can measure the steel's temperature and composition.

The Open-Hearth process was perfected by the English in the 18th

and the 19th century at factories near Sheffield in England. Some of

the finest steel produced anywhere in the world is still produced at

Sheffield, England.
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The Open-Hearth process first rids the iron of its contaminants by a

slow burning off of its carbon, phosphorous, sulfur and silicon

impurities. The sulphur is removed by the reaction of iron oxide with

the iron sulphide compound

FeS + 2 FeO

The phosphorous is removed by the reaction of Calcium oxide with

the phosphorous contaminant

3 CaO + PzOs

The impurities float as slag and are easily removed.

After the impurities are removed during its final stage the amount of

desired carbon is added to the steel either by adding coke (high

quali$ coal which is low in sulphur), or by adding a high-carbon low

impurity iron alloy in a carefully controlled amount.

The Open-Hearth process requires about 8 hours to produce a batch

of steel. Typically a batch is about 100 tonnes.

Steel of high uniform quality can be made, because the process is

slow and can be closely checked by analyses during its 8 hour run.
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The Bessemer Process

The second, much quicker way to make steel is by using a

BESSEMER CONVERTER.

The Bessemer process of making steel was invented by the

American William Kelly in 1852 in Pennsylvania, and independently

by the Englishman Henry Bessemer in 1855.

Kelly studied the steel making processes developed by the English

and got the notion that a blast of air would not cool down molten iron

but would increase its heat by oxidizing its impurities. By 1861 the

Bethlehem Steel Company in Pennsylvania was producing steel

using the Kelly method.

While Kelly was hard at work in the United States, Henry Bessemer

was discovering the same process independently in England.

During the 1854-1856 Crimean war Bessemer had invented a new

type of light weight but powerful cannon but could not find iron strong

enough to withstand the high pressures within his cannon. This led

Henry Bessemer to research steel production and in 1856 he solved

the steel production problem and patented his process.

When Kelly heard of the Bessemer patent, Kelly got a patent in the

United States. Bessemer, being the better researcher, had built a

better more efficient furnace and eventually bought out Kelly's patent.
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Today a typical Bessemer converter is a barrel shaped furnace about

four metres in diameter and five metres high, lined to a thickness of

0.5 metres with heat resistant brick made up mostly of silica.

A batch in a Bessmer converter is between 10 to 15 tonnes of pig

iron.
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The impure pig iron comes directly from the blast furnace and cold air

is blown through holes at the bottom of the converter at two

atmospheres of pressure. This "blow" as it is called lasts around 10

minutes.
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First, the oxygen in the blow oxidizes some of the iron, forming iron

(ll) oxide which in turn reacts with the silicon impurity forming silicon

dioxide and iron

2Fe + Oz

2FeO+ Si

Since the silicon dioxide is insoluble in the molten iron, it floats to the

top and accumulates as slag.

Next the carbon impurities begin to burn sending sparks of metal and

slag out the top of the furnace. ln a few minutes the carbon is gone,

the flame flickers and contracts. This is the signal to stop the blast by

turning the converter on its side.

The final stage in the process involves adding some manganese

(about 10 kg for every tonne of iron). The manganese scavenges for

any remaining oxygen in the melt and floats to the surface

Mn +2FeO

Mn+Oz

The manganese is poured out along with the rest of the slag.

Carbon is added in the final stage to adjust the "temped' of the steel.
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Chqmistrv of lron Worksheet

lron production involves a number of chemical reactions. Balance the

following chemical reactions:

1) FeSz + FeO

2) FeCOs

3) CO + FezOg

4) CaCOg

5) FeS + FeO

6) CaO + PzOs

7) Fe+ Oz

8) FeO + Si

9) Mn+ Oz

10) Mn + FeO
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